Abstract. A major earthquake (Richter scale magnitude 6.8) struck the Chuetsu district of Niigata Prefecture, Japan, a rural area with mountain villages, on October 23, 2004. Strong aftershocks (Grade 5-6 on the Japanese intensity scale, JIS) continued for 2 months. We analyzed the earthquake's impact on 229 patients with various endocrine disorders [6 central diabetes insipidus (CDI), 16 adrenal insufficiency (AI) including 5 panhypopituitarism, 10 ACTH isolated deficiency and 1 Addison's disease, 145 Graves' disease and 62 Hashimoto's disease]. The status of patients with CDI or AI was not adversely affected by the earthquake. Twenty-eight (19%) patients with Graves' disease developed more severe hyperthyroidism; the incidence of developing more severe hyperthyroidism increased with greater degrees of hyperthyroidism. Three (5%) patients with Hashimoto's disease developed increased TSH concentrations. Most patients stayed in their own houses following the first shock. The median PTSD total score for all patients was low. However, the PTSD total score in patients with CDI or Hashimoto's disease was significantly higher than in other patients, while the subscore of mental status in patients with AI was significantly much lower than in other patients. In patients with Hashimoto's disease, patients whose hypothyroidism worsened had higher total and environmental effects score than patients whose hypothyroidism remained stable. Comparing patients whose hyperthyroidism became more severe to those in whom it remained stable, as well as on multiple logistic regression analysis, serum TRAb was found to be a risk factor for developing more severe hyperthyroidism. In conclusion, our findings indicate that Graves' disease patients need to maintain their euthyroid state with a low serum TRAb titer to prevent the development of further thyroid dysfunction after an earthquake, and that all patients should continue to take their medication, since it is likely that their lives will be interrupted by environmental effects owing to earthquake-shock, especially patients with CDI or Hashimoto's disease. Due to the risk of medical facility closure during a disaster, all patients should always have a note or copy of their medical records, including medical history and medications used, to avoid relying on patients remembering their drug names and doses. Furthermore, appropriate information should be provided by all means possible, including the mass media, to affected individuals, particularly those with AI, to decrease the occurrence of adverse consequences.
A sequence of powerful earthquakes struck Mid Niigata Prefecture (Chuetsu area) in central Japan (Mid Niigata Prefecture Earthquake: MNPE) at 5:56 PM on October 23, 2004 [1]. The main shock had a hypocenter located at a depth of 13 km and had a magnitude of 6.8 on the Richter scale. Using the 7-grade Japanese Intensity Scale (JIS), this earthquake registered 7+ and the nearest area to the hypocenter recorded a maximum acceleration of 1750 gal. Aftershocks occurred in northeasterly and southwesterly directions for about 30 km.
Although it has been shown that great earthquakes such as Hanshin-Awaji Earthquake (HAE) of 1995 affect many patients with acute and chronic diseases in various ways, as reflected by changes in both morbidity and mortality [2, 3] , the effects on patients with endocrine disorders other than diabetes mellitus are unclear [2] . It is known that stress has a profound influence on the immune system through many neuroendocrine net-works [4] , which are essential for survival during periods of stress [5] . One such neuroendocrine network is the hypothalamo-pituitary-adrenal (HPA) axis, in which the corticoid hormone is the main effector at the endpoint of the response [5] . However, it is known that stress and the corticoid hormone have a differential effect on the T-helper/suppressor-cells of the immune system, which are considered to be a cause of Graves' disease [6] .
We investigated the impact of the MNPE on patients with various endocrine disorders, including: adrenal insufficiency (AI), as an example of a disturbance of the HPA axis; central diabetes insipidus (CDI), as a comparison with AI; and Graves' and Hashimoto's diseases, as examples of autoimmune thyroid diseases. Furthermore, we also focused our discussion on the factors that contributed to functional deterioration after the MNPE.
Materials and Methods

Subjects
This prospective, uncontrolled study lasted for 3 months after the initial shock. We selected 229 patients with endocrine disorders who had attended our clinic every 1 to 3 months before the earthquake.
We enrolled 6 patients with CDI, 16 with AI (5 with panhypopituitarism, 10 with isolated ACTH deficiency, and 1 with Addison's disease), 145 with Graves' disease, and 62 with Hashimoto's disease. AI patients were diagnosed based on the guidelines for hypothalamopituitary disorders [7] , and the Graves' disease and Hashimoto's disease patients were diagnosed based on the guidelines of the Japan Thyroid Association [8] .
The female to male ratio in the patients with Graves' and Hashimoto's diseases, CDI, and panhypopituitarism was high (Tables 1 and 9 ), while, in the patients with isolated ACTH deficiency, the female to male ratio was low ( Table 9 ).
The mean age of patients with Graves' disease and CDI was significantly lower than that of patients with Hashimoto's disease and AI (Tables 1 and 9 ). There was no significant difference in age among the other types of patients.
Of the patients with Graves' disease, 92% were treated with drugs or 131 I therapy (Table 1) , while 87% of the patients with Hashimoto's disease were treated with levothyroxine (L-T4) (Table 1) . Replacement therapy consisted of: desmopressin acetate (DDAVP) for CDI patients; DDAVP with combination L-T4 and hydrocortisone for patients with panhypopituitarism; and hydrocortisone for patients with isolated ACTH deficiency and Addison's disease (Table 9 ).
Methods
2-1 Physical and laboratory examination
Physical and laboratory examinations were done before and within 2 months after the MNPE. In patients with Graves' and Hashimoto's diseases, the concentrations of free triiodothyronine (FT3), free thyroxine (FT4), and TSH, and the titers of thyrotropin receptor antibody (TRAb), thyroid-stimulating antibody (TSAb), thyroglobulin antibody (TgAb), and thyroid peroxidase antibody (TPOAb) in the blood were assessed by commercially available kits. In patients with other disorders, laboratory examinations were done as needed.
Using the American Thyroid Association guidelines for detecting thyroid dysfunction [9] , patients with hyperthyroidism were divided into two groups: a mild hyperthyroid/hyperthyroid group and a mild hypothyroid/ hypothyroid group. Mild (subclinical) hyperthyroidism was defined as normal serum FT3 and FT4 levels with a suppressed serum TSH level, and hyperthyroidism was defined as high FT3 and/or FT4 levels with a suppressed serum TSH level. Mild (subclinical) hypothyroidism was defined as normal serum FT3 and FT4 levels with an increased serum TSH level, and hypothyroidism was defined as low serum FT3 and/or FT4 levels with an increased serum TSH level. In patients with Graves' disease, a deterioration of thyroid function after the earthquake was defined as an increase in the severity of hyperthyroidism. In patients with Hashimoto's disease, a deterioration of thyroid function was defined as an increase in the severity of hypothyroidism.
2-2 Assessment by questionnaire
The JIS intensity grade of the initial earthquake at each patient's home was determined, and a questionnaire was used to assess each patient's lifestyle and medication compliance during the earthquake and the psychological impact when the patient visited our clinic within 2 months after the initial shock. Patients' lifestyles were divided into 2 categories. The first category consisted of 2 items related to housing status after the initial shock: whether the patients were living in their own homes or whether they were living in a shelter. The second category assessed the degree of destruction of the patients' houses: non-destroyed, partially destroyed, half destroyed, massively destroyed, or completely destroyed. Relationships between deterioration in the patient's medical status and earthquake intensity, lifestyles, and psychological impact, as determined by the questionnaire, were analyzed.
To investigate the psychological impact of the earthquake, the posttraumatic stress disorder (PTSD) symptom score was employed, using a questionnaire based on the DSM-IV PTSD [10] . The questionnaire consisted of 15 items: 2 items from category A (experienced threat of life, shudder response), 2 items from category B (repetitive images; bad dreams, repetitive thoughts, and upset reminders, and somatic complaints) and 11 items from category C (emotional avoidance, behavioral avoidance, psychogenic amnesia, diminished interest in activities, emotional numbing, foreshortened future, sleep difficulties, irritability, disability of concentration, hypervigilance and easily startled). Questions answered in the affirmative were given 1 point, and those in the negative, no points. The questionnaire was administered within 2 months of the initial shock. The total score was used as the total PTSD score. Subscoring was used for the combination of categories A and B to evaluate environmental effects and for category C to evaluate the patient's mental condition. This same approach has been used to assess the psychological impact of the HAE [11, 12] .
2-3 Statistical analysis
All values are presented as mean ± SD. Mean values were compared by using paired or unpaired Student's t-tests and Welch's correction. Fisher's exact test was used to compare the different levels of earthquake intensity, lifestyle, and psychological impact among the subgroups. The risk factors for thyroid function deterioration after the earthquake were calculated using multiple logistic regression analysis. Values of FT3, FT4, TSH, and TRAb and 131 I therapy before the earthquake, and the dose of thionamide, lifestyles, and PTSD score after the shock were used as risk factors. The analysis was carried out using GraphPad Prism (version 4.03, GraphPad Software, San Diego, CA) and the Statistical Package for the Biosciences (SPBS) (version 9.51, Winesteem Institute of Community Medicine, Tokyo, Japan). An alpha value of less than 0.05 was considered to be statistically significant.
Results
3-1 Evaluation of laboratory data
Patients continued to come to the clinic up to the 3rd month after the initial shock. Immediately after the earthquake, we advised AI patients via the press of the need to continue taking hydrocortisone. Two patients who had been receiving L-T4 before the MNPE temporarily stopped taking drugs as determined by questionnaire; one was a 37-year-old female who was on L-T4 for hypothyroidism due to 131 I therapy for Graves' disease and the other was a 38-year-old female who was on L-T4 for hypothyroidism due to Hashimoto's disease.
Most medical facilities continued to function and were able to communicate with each other following the MNPE. Thus, some patients who were unable to attend our clinic during the first month after the initial earthquake received their medications from neighboring medical facilities or pharmacies based on faxed prescriptions, and others received prescriptions from our clinic via mail.
There was no change in the clinical status of the CDI or AI patients' status based on the results of physical examination and laboratory testing. None of the patients with CDI or AI interrupted their medications after the earthquake. Therefore, the laboratory data for patients with CDI and AI are not presented.
In 145 patients with Graves' disease, the mean FT3, FT4, and TSH concentrations before the earthquake were within normal ranges, but the mean auto-antibody titers, especially the TRAb, were high. None of these mean values were significantly altered after the earthquake (Table 1 ). There were no cases of thyroid crisis. However, in 28 (19%) patients, thyroid function had deteriorated after the MNPE (Tables 2-5 ).
In 6 (35%) of the 17 patients who had mild hypothyroidism before the earthquake, thyroid function had deteriorated after the earthquake (Table 2) ; their mild hypothyroidism changed to mild hyperthyroidism ( Table 2 ). The TRAb titer and the dose of thiamazole given before the earthquake were significantly higher in the group whose thyroid function had deteriorated than in those whose thyroid function remained stable (Table 2 ). There were no significant differences in age, FT3, FT4, TSH, TSAb, TgAb, and TPOAb levels, and treatment between the two groups.
Seven (9%) of 76 patients who were euthyroid before the earthquake developed hyperthyroidism, while the others remained euthyroid ( Table 3 ). The TRAb titer and the dose of thiamazole given before the shock were significantly higher in the group who became hyperthyroid than in those who remained euthyroid (Table 3 ). There were no significant differences in age, FT3, FT4, TSH, TSAb, TgAb, and TPOAb levels, and treatment between the two groups.
Six (22%) of 27 patients who had mild hyperthyroid- ism before the earthquake became overt hyperthyroid after the earthquake, while the others remained mildly hyperthyroid ( Table 4 ). The TRAb titer was significantly higher in the group whose thyroid function had deteriorated, as compared to those who remained mildly hyperthyroid (Table 4 ). There were no significant differences in age, FT3, FT4, TSH, TSAb, TgAb, and TPOAb levels, and treatment between the two groups. In 9 (36%) of 25 patients who were hyperthyroid before the earthquake, thyroid function had deteriorated after the earthquake (Table 5) ; serum FT3 levels increased after the earthquake in these patients, while in the remainder, serum FT3 levels decreased after the earthquake (Table 5 ). The TRAb titer was higher in the group whose thyroid function had deteriorated (Table  5 ). There were no significant differences in age, FT3, FT4, TSH, TSAb, TgAb, and TPOAb levels, and treatment between the two groups.
In the patients with Hashimoto's disease, the mean FT3, FT4, and TSH concentrations were within the normal ranges. The TRAb titer in all patients was negative, while the mean TgAb and TPOAb titers were high ( Table 1 ). All of the values, except for the FT3 concentration, were not significantly changed after the earthquake; the increased FT3 concentration was still within the normal range (Table 1) . However, 3 (5%) of 62 patients with Hashimoto's disease who had been euthyroid became mildly hypothyroid after the earthquake (Table 6) ; the other patients continued to be euthyroid after the earthquake, although serum FT3 levels increased significantly after the earthquake. There was no significant difference in the L-T4 dose before and after the earthquake in the group whose thyroid function had deteriorated, and there was no significant difference in the L-T4 dose between the two groups after the earthquake.
3-2 Evaluation of complications
No cases of medical crisis were observed. In the patients with CDI or AI, there was no change in the clinical status of the patients' disorders based on physical examination and laboratory testing. CDI patients had no complaints of polyuria or polydipsia after the earthquake.
3-3 Evaluation of earthquake intensity, lifestyle, and psychological impact
The median JIS showed that all patients had lived in areas with very strong aftershocks (Tables 7-9 ).
There was no significant difference in the median JIS between patients with Graves' disease and Hashimoto's disease (Tables 7 and 8 ). Also, there was no significant difference in the median JIS among the subgroups in whom thyroid function had deteriorated. In all groups, most patients stayed in their own houses after the initial shock (Tables 7-9 ), while about 25% of patients with thyroid diseases transiently sought refuge in other houses. The ratio of patients remaining in their own houses was not statistically different between the patients with Graves' and those with Hashimoto's diseases (Tables 7 and 8 ). Most houses did not suffer much damage. There was no difference in the damage sustained between the group whose thyroid function had deteriorated and the group whose thyroid function remained stable. The mean PTSD total score was low in all patients, except in Hashimoto's disease patients, in whom the mean PTSD total score was significantly higher, especially in patients whose thyroid function had deteriorated, and in CDI patients (Tables 7-9 ). In patients with Hashimoto's disease, the mean PTSD total score was significantly higher in patients whose thyroid function had deteriorated than in those in whom thyroid function remained stable (Table 8 ). There was no significant difference in the median PTSD total score between patients with CDI and patients with Hashimoto's disease. Also, there was no significant difference in the median PTSD total score among the other groups.
The mean score of the combined categories A and B in Hashimoto's disease and AI patients was significant- 1.5 ± 1.7 2.1 ± 1.5 2.0 ± 2.0 1.3 ± 1.5 0.9 ± 1.1 2.0 ± 2.4 1.3 ± 2.8 1.6 ± 1.8 0.9 ± 1.1 Category A+B 0.9 ± 0.8 1.3 ± 0.9 1.3 ± 1.2 0.7 ± 0.8 0.7 ± 0.8 1.0 ± 0.8 0.5 ± 0.8 1.0 ± 0.8 0.6 ± 0.5 Category C 0.6 ± 1.2 0.8 ± 0.9 0.7 ± 0.8 0.6 ± 1.6 0.2 ± 0.4 1.0 ± 1.8 0.8 ± 2.8 0.6 ± 1.3 0.3 ± 0.7
The number in parenthese represents the percentage of each item in each group.
ly higher than the mean of category C; in patients with Graves' disease or CDI, there was no significant difference in the mean score of the combined categories A and B and the mean score of category C (Tables 7-9 ).
In patients with Hashimoto's disease whose thyroid function had deteriorated, the mean score of the com- bined categories A and B was higher than the mean score of category C ( Table 8 ).
The patient who interrupted her L-T4 treatment due to 131 I therapy for Graves' disease lived in a JIS grade 6 area, and her own house was partially destroyed. She sought refuge in another house. Nevertheless, this patient's PTSD score was zero. The other patient who interrupted her L-T4 treatment for hypothyroidism due to Hashimoto's disease lived in a JIS grade 7 area, and her own house was half destroyed. She sought refuge in another house, and her PTSD score was 4 (categories A and B, 2; C, 2).
3-4 Evaluation of risk factors for thyroid function deterioration after the earthquake
Multiple logistic regression analysis demonstrated that, in patients with Graves' disease, the significant risk factor for thyroid function deterioration after the earthquake was serum TRAb titer (Table 10 ).
Discussion
The MNPE differed from the HAE [2] in several ways. First, the recorded maximum acceleration was much greater for the MNPE than for the HAE. Second, numerous strong aftershocks (JIS grade 5-6) continued for 2 months after the initial shock. Third, the MNPE occurred in a mountainous and rural area with villages, while the HAE struck an urban area. Fourth, 10 years had elapsed between the MNPE and the HAE, from which valuable lessons had been learned [2] .
The differences in the consequences of the HAE and the MNPE can be explained by many factors. First, most people in the MNPE-affected area followed an agrarian lifestyle and tended to live cooperatively. Their houses are built to a higher standard due to the harsh climate conditions, and there is a greater distance between the houses than in the urban area affected by the HAE. Second, the MNPE occurred in the late autumn during fine weather that continued for 1 month, while the HAE occurred in the middle of winter during inclement weather. Third, more of the necessary equipment was available following the MNPE than following the HAE. Fourth, after the MNPE, the medical response of neighboring organizations was swifter and more substantial than that following the HAE (2). In addition, in contrast to the situation after the HAE, most medical facilities were able to continue functioning and were able to maintain communication with each other. Fortunately, we were able to provide medical supplies to those in need, and all patients except two # An alpha value of less than 0.05 was considered to be statistically significant. Values of FT3, FT4, TSH and TRAb, and 131 I therapy before the shock were used as risk factors. The dose of thionamide received after the shock was also used as a risk factor. Lifestyle categories and PTSD score were obtained using questionnaire after the shock.
were able to take their medication without interruption. In the MNPE, our results show that none of the patients with thyroid diseases, CDI and AI developed a crisis after the shock. Moreover, the clinical status of most patients with Graves' or Hashimoto's diseases did not deteriorate. In addition, the PTSD score was much lower than that following the HAE [11, 12] , although the PTSD score in the patients with CDI or Hashimoto's disease was higher than in the other patients.
Interestingly, although most patients with Graves' and Hashimoto's diseases were euthyroid after the initial shock, hyperthyroidism and hypothyroidism deteriorated in 19% of patients with Graves' disease and in 5% of patients with Hashimoto's disease.
In the patients with Graves' disease, the incidence of thyroid function deterioration increased with greater severity of hyperthyroidism before the earthquake. Based on the findings of multiple logistic regression analysis and a comparison of the patients whose thyroid function had deteriorated with that of patients whose thyroid function remained stable, serum TRAb titer was identified as the risk factor for thyroid function deterioration. It is likely that some patients with high serum TRAb titers may be more sensitive than patients with low serum TRAb titers to earthquakeinduced stress, which drives the immune system towards a Th-2 response [6] .
Subclinical hypothyroidism was found after the earthquake in a few patients with Hashimoto's disease. The reason for this finding is not clear. However, as there does not appear to be a direct relationship between stress and Hashimoto's disease [6] , some patients, such as the two patients who had hypothyroidism, may have temporarily stopped taking their L-T4, even though they did not report this on the questionnaire. The total PTSD and the environmental effects scores were higher in Hashimoto's disease patients who developed subclinical hypothyroidism than in those whose thyroid function remained stable, suggesting that the quality of life of patients whose thyroid function had deteriorated may have been adversely affected, making it impossible for them to take their L-T4 regularly after the earthquake.
The mean PTSD scores in patients with CDI and Hashimoto's disease were different from those of the other patients. CDI patients were younger than the AI patients, while Hashimoto's disease patients were older than the Graves' disease patients. Interestingly, the degree of worsening of mental status caused by the earthquake in Hashimoto's disease or AI patients was lower than the environmental effects caused by the earthquake. However, there was no difference between the two in patients with Graves' disease or CDI. The different pathophysiological conditions in Graves' and Hashimoto's diseases may explain the different status. Furthermore, following the HAE, patients' conditions were found to be related to the degree of activity of the HPA axis [12] . In patients with AI, the HPA axis could have been inactivated by stress due to a disturbance of the HPA axis, while the HPA axis in CDI patients may have been activated by stress, even though their neurohypophyseal function was disturbed [13] . Thus, a difference in HPA axis activity could result in a higher PTSD score, so that CDI patients would have a worse mental status than AI patients.
Our findings suggest that, in patients with Graves' disease, it is necessary to maintain their euthyroid state with low serum TRAb titers to prevent thyroid function deterioration after an earthquake, because patients with a high serum TRAb titer may have immune systems that are more sensitive towards a Th-2 response due to the earthquake. In fact, all patients should continue to take their medication after an earthquake, since it is likely that their lives are interrupted by environmental effect owing to earthquake-shock, especially patients with CDI or Hashimoto's disease. Thus, due to the risk of medical facility closure during a disaster, all patients should always have a note or copy of their medical records, including medical history and medications that are being used, to avoid relying on the patients remembering the names and doses of their medications.
In conclusion, all patients should continue to take their medication following an earthquake. To help achieve this objective, neighboring organizations must respond quickly with sufficient medical support for patients with endocrine disorders following an earthquake, and the patients affected by a strong earthquake should quickly obtain medical care. In order to obtain maximum benefit from the available medical care, patients should always have a note or copy of their medical records, including their medical history and their medications. In addition, appropriate information should be provided to all affected people, in particular those with AI, using all means possible, including the mass media, to decrease any adverse consequences.
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